Abstract Background: Previous studies have demonstrated the distinct advantages of thoracoscopically assisted spinal fusion compared to traditional open thoracotomy. However, these techniques are limited by a steep learning curve, prolonged operative time, and lack of three-dimensional visualization of the surgical field. Objective: The objective of this study was to describe our initial experience with an adaptation of the extreme lateral interbody fusion (XLIF) technique allowing access to the anterior aspect of the thoracic and thoracolumbar spine with specific reference to (1) early pulmonary complications, (2) non-pulmonary complications, and (3) ability of this technique to successfully achieve spinal decompression and fusion at the operative level. Methods: Clinical and radiographic data were reviewed for the entire perioperative period. A total of 18 patients (72% females; mean age, 56.8 years) underwent a thoracic XLIF procedure for spinal pathologies including disc herniation, fracture, tumor, pseudoarthrosis, and proximal junctional kyphosis. A total of 32 levels were treated, with the majority located at the thoracolumbar junction. Twelve of the procedures were done as part of a combined anterior/posterior surgery. Results: The mean estimated blood loss was 577 ml and the mean length of stay was 12 days. At a mean follow-up of 14 months, all patients except for one (who died of widely metastatic disease) had achieved radiographic evidence of fusion. Two patients developed pulmonary effusions requiring medical intervention. Six patients had seven non-pulmonary complications: incidental durotomy (two), infection (one), instrumentation pullout (one), cardiac arrhythmia (two), and death from metastatic disease (one). Conclusions: The XLIF technique can be utilized for access to the anterior column of the thoracic and thoracolumbar spine. The advantages of this minimally invasive technique include avoidance of the need for an access surgeon and for lung deflation during surgery as well as excellent visualization of the spinal pathology.
Introduction
Multiple minimally invasive approaches have been described to access the pathology of the anterior column of the thoracic and thoracolumbar spine, including video-assisted thorascopic surgery and lateral extracavitary approaches [6, 7, 11, 13, 15, 17] . In general, the development of these techniques has been motivated by the disadvantages of open thoracotomy, including decreased pulmonary function, increased blood loss, the need for postoperative monitoring in an intensive care unit, longer chest tube times, more postoperative pain, longer hospital stays, and the need for an access surgeon [2, 6, 10, 12, 16, 21] .
The extreme lateral interbody fusion (XLIF) technique was initially described by Ozgur et al. [18] to address disease in the lumbar spine. The traditional XLIF technique allows for access to the anterior and middle columns of the lumbar spine via a small incision (approximately 3-4 cm) with subsequent dissection through the retroperitoneal space and psoas muscle. There is limited information in the [8] .
In this report, we present our technique and initial outcomes using a modification of the XLIF technique to address disease in the thoracic and thoracolumbar spine, including traumatic, osteoporotic, and pathologic fractures; pseudoarthrosis; junctional kyphosis; and scoliosis. The specific aims of the study were to report (1) early pulmonary complications, (2) non-pulmonary complications, and (3) ability of this technique to successfully achieve spinal decompression and fusion at the operative level.
Patients and Methods
Following Institutional Review Board approval, we retrospectively reviewed all patients treated at our institution by the senior author (RCH) using a modified XLIF technique in the thoracic or thoracolumbar spine from 2007 to 2009. Outpatient and inpatient medical records were reviewed. Patient demographic factors that were analyzed included age; gender; body mass index (BMI); indication for the index procedure; and associated comorbidities including smoking, obesity, and osteoporosis. The operative indication was confirmed by a review of relevant imaging studies including standing long-cassette (14×36 in.) anteroposterior (AP) and lateral scoliosis films as well as MRI studies performed with a 1.5-T MRI (HDx, GE Healthcare) using an eight-channel cervicothoracolumbar coil by the senior author (RCH).
A total of 18 patients (13 females, 5 males) underwent a modified XLIF procedure during the time frame of the study ( Table 1 ). The mean age was 56.8 years (range, 19-88 years). The mean BMI was 25.6 (range, 16.8-35.4). The indications for surgery included: thoracic compression fracture from osteoporosis or malignancy causing painful kyphosis (five patients), herniated nucleus pulposus causing compression of the spinal cord (four patients), thoracolumbar burst fracture (three patients), proximal junctional kyphosis (two patients), pseudoarthrosis (two patients), Chance fracture with kyphotic malunion (one patient), and degenerative scoliosis (one patient). The majority of involved levels were at the thoracolumbar junction ( Fig. 1) . Twelve of the 18 procedures were done as the anterior component of a combined anterior and posterior procedure. The mean operative time was 2.7 h (range, 1.7-4.0 h) for the anterior procedure, whether isolated or as a component of a staged procedure.
The surgical procedure has several important highlights. Following standard single-lumen intubation, the patient is positioned in the lateral decubitus position on a radiolucent table. Care needs to be taken during positioning to ensure that the operative disc space is orthogonal to the floor. The position of the incision is marked using fluoroscopy directly above the operative disc space. Following a skin incision of 4-5 cm, blunt dissection is used to separate muscle layers overlying the rib. A 6-cm section of the rib can be resected to allow for access to two interspaces for corpectomy or adjacent-level discectomies. For one-level discectomy and fusion, rib resection is not usually needed (Fig. 2 ). The chest cavity is then entered and the lung is swept anteriorly using the surgeon's finger to allow for passage of the MaXcess retractor (Nuvasive, San Diego, CA). At T12-L1 and L1-2, it is often necessary to cross the diaphragm (T12-L1 from above, L1-2 from below) to access the intervertebral disc. In these cases, care is taken to open the diaphragm at its junction with the chest wall to allow for repair. Lateral radiographs are used to confirm that the retractor is centered over the correct interspace. This provides excellent exposure for discectomy of up to two adjacent levels or a single level corpectomy. Our preference is to use Nuvasive PEEK cages for discectomy and Synthes expandable cages (Synex, Westchester, PA) for corpectomy reconstruction (Fig. 3) . Synthes thoracic spine locking plates can be used to augment anterior-only constructs through the same exposure. The wound is then closed in layers over a closed suction chest tube. Multiple non-adjacent levels are generally approached through separate small incisions.
Bone morphogenetic protein (Infuse, Medtronic, Minneapolis, MN) was utilized to enhance fusion in 9 of 18 patients. The remaining cases utilized a combination of rib autograft (when it was necessary as part of the surgical approach), demineralized bone matrix (Grafton Putty, Osteotech, Shrewsbury, NJ), or cancellous allograft.
Early pulmonary complications were identified based on clinical notes and radiographic studies such as chest radiographs and CT scans. Non-pulmonary complications were similarly identified based on a review of both inpatient and outpatient clinical records combined with the available radiographic studies. Fusion was assessed using unenhanced CT of the thoracic or thoracolumbar spine with a 16-MDCT scanner (MX8000 Philips Healthcare). The determination of final fusion of the operative level was made by the senior author (RCH). Resolution of patient symptoms was documented in the senior authors' outpatient medical records. Mean follow-up was 14 months (range, 2-36 months).
Results
Pulmonary effusion was a common early postoperative complication. The mean estimated blood loss was 577 ml (range, 100-1500 ml), which includes the posterior portion of the procedure when relevant. Eleven of the patients were extubated in the OR. All patients were extubated by the first postoperative day. Mean stay in a monitored care setting was 3 days (range, 1-7 days). Chest tubes were removed at a mean of 2 days (range, 1-5 days). Eight patients developed a pulmonary effusion following removal of the chest tube. Six were minimally symptomatic. In one patient, the effusion was significant enough to require reinsertion of a chest tube on postoperative day 2. In a second patient, respiratory symptoms related to the effusion were deemed significant enough to warrant transfer from the inpatient floor to a monitored care setting.
Six patients had experienced perioperative complications unrelated to pulmonary effusion. Two patients developed new cardiac arrythmias in the immediate postoperative period and were successfully treated with medical management. One patient had an incidental durotomy during the posterior portion of the procedure that was primarily repaired without incident. A second patient had an incidental durotomy during the anterior portion of the procedure in which the repair failed and CSF began to collect in the pulmonary cavity. This was addressed successfully by revision repair and placement of a subarachnoid drain. One patient presented with a surgical site infection 7 months after his index procedure requiring surgical debridement and antibiotic therapy. Seventeen of the 18 patients went on to develop radiographic evidence of solid fusion. The patient who did not have evidence of radiographic fusion died from widely metastatic cancer 2 months following her surgery to address a pathological fracture causing spinal cord compression. Twelve patients experienced excellent pain relief and were satisfied with the result of the surgical procedure. One patient had a fracture with pullout of the distal pedicle screws requiring revision fusion at 1 month following the index surgery. One patient had a fracture of the sacrum at the level of the distal instrumentation which required extension of the fusion construct to the pelvis. One patient developed adjacent segment degeneration proximal to the fusion construct requiring further surgery. Two patients continued to have moderate axial back pain after the surgery despite evidence of adequate decompression and solid fusion on repeat imaging.
Discussion
In this series, we present 18 cases where a modification of the XLIF techniques was utilized to provide access to the anterior column of the spine either as part of a stand-alone procedure or in the context of circumferential decompression and fusion. This series included medically complex patients such as those with pathological fracture from metastatic disease as well as relatively healthy patients with isolated thoracic herniations of the nucleus pulposus. The most commonly encountered complications were early pulmonary complications such as pleural effusion. Non-pulmonary complications including infection and incidental durotomy were encountered in a small number of patients. Overall, a large majority of the patients were able to achieve symptomatic relief and solid intervertebral fusion.
There are numerous limitations inherent within our study design. The study was retrospective and lacked validated outcome measures. The patient population was heterogeneous and the surgical approach included both anterior-only and circumferential fusion. The number of patients in the series was limited. The heterogeneous nature of the patient cohort did not allow us to establish a control group for comparison. One notable complication encountered in this series was the presence of pulmonary effusions manifesting after postoperative day (POD) 2 which occurred only in patients where bone morphogenetic protein (BMP) was used [9] . This study does not allow us to assign causality to this observation, but further investigation is warranted given the known propensity of BMP to cause inflammatory reactions and seromas [3, 20] . The series by Karikari et al. [8] did not report comparable findings despite a similar operative technique. Although they were not encountered in this series, potential complications of operating in the thoracic spine, including delayed pneumothorax, diaphragmatic hernia, major vascular injury, and rib pain, are certainly possible given the limited size of our series. Finally, studies from the adolescent idiopathic scoliosis population have shown less effect on pulmonary function when minimally invasive techniques are used rather than open thoracotomy to access the adolescent spine [14] . However, the effect of minimally invasive lateral extracavitary approaches on long-term pulmonary function has not been investigated.
The non-pulmonary complications observed in our study, including infection, incidental durotomy, pullout of instrumentation, and cardiopulmonary complications, are comparable to other reported studies including medically complex patients and revision spinal arthrodesis [4, 5, 7] .
Although this is an initial report with a limited number of cases, it does suggest that this adaptation of the XLIF technique is effective with specific technical advantages as compared to other techniques for accessing the anterior thoracic and thoracolumbar spine. The benefits of more minimally invasive approaches to the thoracic spine are exemplified by the body of literature comparing thoracoscopically assisted spinal arthrodesis to open thoracotomy. Multiple studies have demonstrated decreased incision size, less blood loss, decreased length of ICU stays, decreased duration of chest tube drainage, less pain, and shorter hospital stays [1, 6, 10, 12, 16] . However, thoracoscopic techniques have distinct disadvantages including a steep technical learning curve and a lack of three-dimensional visualization of the operative field, which have limited their widespread adoption [19] . A major advantage of the thoracic XLIF technique compared to thoracoscopy is the avoidance of periods of prolonged lung deflation which contributes to atelectasis and may pose a particular risk in the patient with preexisting pulmonary compromise. A second advantage of this technique is the lack of a need for an access surgeon due to the relatively low risk of injury to nearby vascular structures compared to open thoracotomy.
Our results differ from the previous report by Karikari et al. [8] in that our series includes the application of this technique to indications including revision and circumferential arthrodesis procedures. Similar to their report, we found an acceptable rate of complications and a high rate of arthrodesis through a small incision. Overall, visualization and access to the spinal pathology using this technique was excellent. Further study with larger samples and longer follow-up are necessary to better characterize the safety and efficacy of this technique.
Disclosures Each author certifies that he or she has no commercial associations (e.g., consultancies, stock ownership, equity interest, patent/licensing arrangements, etc.) that might pose a conflict of interest in connection with the submitted article.
Each author certifies that his or her institution has approved the reporting of these cases, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participating in the study was obtained.
